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The alpine environment occurs in mountains above the treeline and is regarded as one of the harshest habitats on the earth. Among vertebrates, a number of amphibian species have been particularly successful in the colonization of alpine environments throughout the world, and several studies have been focused on their overwintering biology (e.g. Bradford, 1983; Sinsch, 1989; Guyétant et al., 1994; Navas, 1996; Hou and Huang, 1999; Clemann, 2002) . However, the overwintering biology of the amphibian species living in alpine Andean-Patagonian environments still remains unexplored. In temperate regions like Patagonia, the alpine environment is characterized by short growing seasons and long winters (Burgis, 1987; Körner, 2001; Sommaruga, 2001) , and amphibians living in such environment may spend most of their lives overwintering. Most adult anurans display either of three responses when winter approaches: 1) submersion, 2) permanence in land in a thermally isolated shelter, and 3) permanence in land tolerating freezing (Pinder et al., 1992) . In some species, individuals of the same population may respond differently to the approaching winter (e.g. Sinsch, 1991; Laitinen and Pasanen, 1998 , 2000) . Dense populations of A. gargola frogs and tadpoles are common in the Andean-Patagonian alpine zone, which approximately starts above the 1700 m a.s.l. (Ferreyra et al., 1998) along the species latitudinal range of distribution. In the alpine zone, pools, streams and small ultraoligotrophic lakes constitute the main aquatic habitats for A. gargola frogs and tadpoles. These waterbodies remain superficially frozen and covered by snow from four to eight months per year, depending on their altitude and topographical characteristics (Zagarese et al., 2000) . During the same period, the surrounding terrestrial areas remain covered by a thick snowcap.
Previous to our work, there were no data on the overwintering biology of Alsodes gargola populations inhabiting the alpine zone. Therefore, we started with basic questions: how long is the overwintering season for a typical population, where do frogs overwinter and, what is the overwintering tolerance of frogs and tadpoles? We have already reported survey results on the overwintering of tadpoles (Logares and Úbeda, 2004 ). Here we combine surveys and laboratory experiments to get further insights into the overwintering biology of A. gargola.
Field. The surveys were carried out in the type locality of Alsodes gargola (Cerro Catedral, Nahuel Huapi National Park, Río Negro Province, Argentina). The area surveyed included two ultra-oligotrophic alpine lakes along with surrounding pools, streams and terrestrial microhabitats. Toncek Lake (41 • 12 S, 71 • 29 W; 1750 m a.s.l.) has an area of ∼5.4 ha and a maximum depth of ∼12 m. This lake has very low conductivity waters (12-15 µS/cm) and is surrounded by the last Nothofagus pumilio bushes, which define the treeline. Schmoll Lake (41 • 11 S, 71 • 30 W; 1950 m a.s.l.) has an area of ∼2.8 ha and a maximum depth of ∼5 m. It also has low conductivity waters (11-12 µS/cm) and is surrounded by a semi-desert. In the shore of both lakes, as well as in the surrounding streams, pools and terrestrial microhabitats, numerous adults, juveniles and tadpoles of A. gargola can be observed during summer. The study area was surveyed at the beginning (April/May) and at the end (November/December) of the austral winter for this altitude. During the year 2000, the visits took place on December 02 and 22. In 2001, the visits were on April 03 and 21, November 19 and December 22. During 2002, the visits were on April 4 and 27, May 12, November 22 and December 14. In 2003, the visits were on April 18 and May 14. The fieldwork totalized about 100 h in which always two people searched for individuals. During each visit, we registered the type of microhabitat (aquatic vs. terrestrial) where each individual was found, the temperatures of water or air surrounding individuals in the microhabitats (used as an approximation of body temperature since individuals usually avoid the exposition to sunlight and rarely form aggregations; see Brattstrom, 1963 and Claussen, 1973) and conductivity when applicable. Temperatures were measured with a thermocouple (TM-903, Lutron) and conductivities with a portable conductimeter (430, Jenway).We did not visit the study site during midwinter due to its inaccessibility.
Laboratory.
Overwintering experiments were all performed under simulated overwintering conditions, which consisted in an incubator set at 2 ± 1 • C and darkness. These parameters were based on field data, which indicate temperatures of 0-3 • C and low luminosity in aquatic and terrestrial microhabitats under the ice and snow. All the experimental frogs and tadpoles were taken from the field just at the beginning of two overwintering seasons (April 21, 2001 and April 27, 2002) . During the experiments, the viability of individuals was checked at least every three days by manual stimulation. Once each experiment was finished, individuals were transferred to room temperature (20 ± 2 • C) to check their viability post-experimentation. Since Alsodes gargola is a highly protected species in the Nahuel Huapi National Park, we were allowed to use only a small number of individuals for experiments.
Tolerance of frogs for terrestrial overwintering. To explore the potential capabilities of frogs for land overwintering in nature, we assessed their tolerance to simulated terrestrial overwintering. Eleven frogs (body mass mean ± SE = 7.8 ± 0.3 g) were placed in individual boxes with wet paper towels in the bottom and then exposed to simulated overwintering conditions without feeding. This experiment was started on April 26, 2001, and finished on January 10, 2002.
Tolerance of frogs and tadpoles for underwater overwintering in low conductivity waters. To investigate the potential capabilities of frogs and tadpoles for submerged overwintering in alpine waterbodies, we tested their abilities to sustain constant immersion in low conductivity waters under simulated overwintering conditions. Two experiments were carried out with frogs. In the first, three individuals (body mass mean ± SE = 10.6 ± 1.8 g) were placed in an aquarium containing 7 L of oligotrophic lake water (conductivity 55-60 µS/cm). The aquarium was put under simulated overwintering conditions and the frogs were not fed. Breathing by the frogs was impeded by blocking their access to the water surface with a submerged rectangular glass. Since ultra-oligotrophic alpine lakes normally maintain a high oxygen concentration at any depth during winter (Wetzel, 2001 ), water was always maintained at oxygen saturation by bubbling air into it. Every week, 3.5 L of water were renewed. This experiment was started on April 25, 2001, and finished on January 10, 2002.The second experiment resembled the previous one, although frogs (n = 2; body mass 5.3 and 8.6 g) were submerged in distilled water to simulate the immersion in extreme low conductivity conditions. During the experiment, we kept the conductivity of water always below 15 µS/cm by renewing it periodically. This experiment was started on May 2, 2002, and finished on December 17, 2002. Two experiments were also carried out with tadpoles. In the first, individuals (n = 20, stages 28-38; Gosner, 1960) were placed in an aquarium with oligotrophic lake water (conductivity 55-60 µS/cm) and then exposed to simulated overwintering conditions. Since periphytic microalgae (tadpole's food) can grow during winter below the ice and snowcap of waterbodies (Úbeda, pers. obs.), the tadpoles were fed once per week with commercial fish food. This experiment was set up on April 26, 2001, and finished on January 10, 2002. The second experiment was set up as the former, although here we exposed tadpoles (n = 2, stages 28 and 32; Gosner, 1960) to distilled water and we did not feed them (to avoid an increase of the water conductivity). During the experiment, the conductivity of water was always maintained below 10 µS/cm by renewing it periodically. This experiment was started on May 2, 2002, and finished on December 17, 2002.
The survey results indicate that the studied high altitude population of Alsodes gargola overwinter around 8 months per year (MayDecember). During December of 2000, 2001 and 2002 the ice cover of lakes and the snow cover of terrestrial areas suffered a rapid and extensive thawing, and for that reason we regard December as the end of the overwintering season for the studied population. At the beginning of December (2000 December ( , 2001 December ( , 2002 , we observed submerged frogs (n = 28 in total for the three years) through recent fissures in the icecap of streams and lakes (littoral zone, depth
